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(54) MONITORING SYSTEM FOR A DOOR OF A DOMESTIC APPLIANCE

(57) The present invention relates to a monitoring
system for a door (12) of a domestic appliance (10). The
monitoring system comprises at least one door sensor
(22; 24, 26, 28; 30, 32) arrangeable or arranged at or
within the door (12). The door sensor (22; 24, 26, 28; 30,
32) is an inertial measurement unit (IMU) including at
least one accelerometer and/or at least one gyroscope.

The accelerometer can be provided for detecting a linear
acceleration of the door sensor (22; 24, 26, 28; 30, 32).
The gyroscope can be provided for detecting a rotational
speed of the door sensor (22; 24, 26, 28; 30, 32). The
monitoring system determines at least one of the angle
(α,α’), the angular speed and the angular acceleration of
the door (12).
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Description

[0001] The present invention relates to a monitoring
system for a door of a domestic appliance. Further, the
present invention relates to a domestic appliance.
[0002] For a door or another openable and closable
access device of a domestic appliance a detection sys-
tem may be provided for detecting if said door or device
is in an opened, closed state or intermediate state be-
tween said opened and closed state. For an automatic
door it is very important to control the opening and closing
speed and the current opening angle of said door. But
also for a manual door it may be important to support the
movement of said door.
[0003] Conventional systems for detecting the opening
angle of the door comprise sensors arranged at the door
hinge or close to said door hinge. In this case it is difficult
to detect exactly the opening angle of the door. Other
system comprises sensors arranged in positions, where
the temperature is very high. Said high temperature im-
pairs the accuracy of the sensor.
[0004] It is an object of the present invention to provide
a monitoring system for a door of a domestic appliance,
which allows the detection of the state of the door with
improved accuracy by low complexity.
[0005] The object is achieved by the monitoring system
according to claim 1.
[0006] According to the present invention a monitoring
system for a door of a domestic appliance is provided,
wherein:

- the monitoring system comprises at least one door
sensor arrangeable or arranged at or within the door,

- the door sensor is an inertial measurement unit (IMU)
including at least one accelerometer and/or at least
one gyroscope,

- the accelerometer can be provided for detecting a
linear acceleration of the door sensor,

- the gyroscope can be provided for detecting a rota-
tional speed of the door sensor, and

- the monitoring system determines at least one of the
angle, the angular speed and the angular accelera-
tion of the door.

[0007] The core of the present invention is the use of
the inertial measurement unit (IMU) with the at least one
accelerometer and/or at least one gyroscope. The inertial
measurement unit (IMU) is a compact device arrangea-
ble in numerous suitable positions. A combination of the
accelerometer and gyroscope allows the determination
of the angle, the angular speed and the angular acceler-
ation of the door by low complexity.
[0008] Preferably, the door sensor is arrangeable or
arranged at a maximum distance from a hinge axis of the
door. Said maximum distance contributes to an improved
measuring accuracy.
[0009] For example, the door sensor is arrangeable or
arranged within an upper portion of the door, preferably

within an upper third of said door.
[0010] Further, the door sensor may be arrangeable
or arranged within an inner portion of the door, preferably
within an upper third of the inner portion of said door.
[0011] In particular, the door sensor is arrangeable or
arranged in a low temperature area of the door.
[0012] For example, the door sensor is arrangeable or
arranged within a door handle of the door.
[0013] Alternatively, the door sensor may be arrange-
able or arranged within a front panel of the door.
[0014] Further, the accelerometer may include one or
more microelectromechanical systems (MEMS).
[0015] Preferably, the accelerometer is a tri-axial ac-
celerometer, wherein the three axes are orthogonal to
each other.
[0016] Moreover, the gyroscope may include one or
more microelectromechanical systems (MEMS).
[0017] In particular, the gyroscope is a tri-axial gyro-
scope, wherein the three axes are orthogonal to each
other.
[0018] Furthermore, the monitoring system may be
provided for indicating the angle, the angular speed
and/or the angular acceleration of the door, wherein said
door is manually and/or automatically openable and clos-
able.
[0019] Additionally, the monitoring system may be pro-
vided for controlling the angle, the angular speed and/or
the angular acceleration of the door, wherein said door
is automatically openable and closable by at least one
motor.
[0020] For example, the monitoring system is provided
for varying or keeping constant the angular speed of the
door during the automatic opening and/or closing said
door.
[0021] Further, the monitoring system may be provided
for a drop down door.
[0022] Moreover, the monitoring system may be pro-
vided for a swing door.
[0023] At last, the present invention relates to a do-
mestic appliance comprising at least one door, wherein
said domestic appliance comprises at least one monitor-
ing system mentioned above.
[0024] Novel and inventive features of the present in-
vention are set forth in the appended claims.
[0025] The present invention will be described in fur-
ther detail with reference to the drawings, in which

FIG 1 illustrates a schematic perspective view of a do-
mestic appliance with a monitoring system ac-
cording to a first embodiment of the present in-
vention,

FIG 2 illustrates a schematic perspective view of the
domestic appliance with the monitoring system
according to the first embodiment of the present
invention,

FIG 3 illustrates a schematic perspective view of the

1 2 



EP 3 633 271 A1

3

5

10

15

20

25

30

35

40

45

50

55

domestic appliance with the monitoring system
according to a second embodiment of the
present invention,

FIG 4 illustrates a schematic perspective view of the
domestic appliance with the monitoring system
according to the second embodiment of the
present invention,

FIG 5 illustrates a schematic perspective view of the
domestic appliance with the monitoring system
according to a third embodiment of the present
invention,

FIG 6 illustrates a schematic perspective view of the
domestic appliance with the monitoring system
according to a fourth embodiment of the present
invention,

FIG 7 illustrates a schematic perspective view of the
domestic appliance with the monitoring system
according to the fourth embodiment of the
present invention, and

FIG 8 illustrates a schematic diagram of a path of a
door sensor between a closed state and an
opened state of a door of the domestic appli-
ance according to the present invention.

[0026] FIG 1 illustrates a schematic perspective view
of a domestic appliance 10 with a monitoring system ac-
cording to a first embodiment of the present invention. In
this example, the domestic appliance 10 is a cooking
oven. In general, the domestic appliance 10 may be an
arbitrary domestic appliance.
[0027] The domestic appliance 10 comprises a door
12 and a front panel 14. A user interface 16 is integrated
within said front panel 14. A door handle 18 is attached
at the door 12. In this embodiment the door 12 is a drop
down door. A horizontal hinge axis 20 extends in the low-
er portion of the door 12, while the door handle 18 is
attached in the upper portion of said door 12. The terms
"lower" and "upper" relate to the closed state of the door
12.
[0028] The monitoring system comprises a door sen-
sor 22 arranged within the door handle 18. Thus, the door
sensor 22 is arranged in low temperature area of the door
12. The low temperature area avoids measurement er-
rors of the door sensor 22. The distance R between the
door sensor 22 and the horizontal hinge axis 20 is max-
imised as possible. The big distance R between the door
sensor 22 and the horizontal hinge axis 20 allows a high
precision of said door sensor 22.
[0029] Preferably, the door sensor 22 is an inertial sen-
sor. In this example, the door sensor 22 is an inertial
measurement unit (IMU), wherein said inertial measure-
ment unit includes at least one accelerometer and at least
one gyroscope. The accelerometer is provided for de-

tecting a linear acceleration of the door sensor 22. The
gyroscope is provided for detecting a rotational speed ω
of the door sensor 22 relating to an axis. Preferably, the
unit of said rotational speed ω is degrees per second.
[0030] In particular, the accelerometer as well as the
gyroscope includes one or more microelectromechanical
systems (MEMS). Said microelectromechanical systems
are suitable for inertial measurements. The microelec-
tromechanical systems are realised by low costs, have
small sizes and cause only low power consumption.
[0031] Preferably, the accelerometer is a tri-axial ac-
celerometer, while the gyroscope is a tri-axial gyroscope,
wherein the three axes are orthogonal to each other. The
accelerometer and the gyroscope have to be calibrated
according to their applications.
[0032] Since the movement of the door 12 has usually
one degree of freedom, a simpler model of said move-
ment of the door 12 may be derived. The distance R
between the door sensor 22 and the horizontal hinge axis
20 is constant, while the movement of the door 12 is
circular. The distance R corresponds with the radius R
of the orbit of the door sensor 22. Said radius R is defined
as the horizontal length of the inertial measurement unit.
The angle α of the door 12 starts from the closed state
of said door 12. The door sensor 22 effectively detects
the angle α, the angular speed and the angular acceler-
ation of the door 12.
[0033] The acceleration of the door 12 may be directly
provided by the door sensor 22, if the accelerometer is
equipped with a micro controller. If said accelerometer
is not equipped with the micro controller, then an output
signal value is provided for a control unit. On the basis
of input data, i.e. directly detected acceleration values or
output signal values, the control unit compares duty cycle
data with firmware set up data and sends an output signal
to a motor in order to adjust the opening speed of the
door 12. The opening speed of the door 12 may be speed-
ed up, kept constant or slowed down.
[0034] Further, the door sensor 22 is connected to a
control unit of the domestic appliance 10. Said control
unit is not explicitly shown. Preferably, the door sensor
22 is connected to the control unit via cables. The control
unit is suitable for an automatic door 12 as well as for a
manual door 12. In the case of the automatic door 12,
the control unit is connected to at least one motor for
driving said door 12. The control unit activates and de-
activated the motor and controls the speed and the ac-
celeration of said motor. In the case of the manual door
12, the control unit is connected to an output device for
indicating the current state of said door 12. The informa-
tion of the current state of said door 12 may be used for
controlling a cooking process. For example, some heat-
ing operation are activated only, if the door 12 is actually
closed. Moreover, the control unit may output a warning
signal, if the door 12 is not correctly closed. Further, the
control unit may output a signal indicating that a lighting
device in the domestic appliance 10 has to be switched
on or off.
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[0035] Thus, the door sensor 22 mentioned above may
replace a classical mechanical door switch with a plunger
detecting the opening and closing state of the door 12.
Since the mechanical door switch with the horizontal
plunger has a tolerance depending on its assembly po-
sition, a wrong signal may be delivered. This is avoided
by the door sensors and the related control unit according
to the present invention.
[0036] FIG 2 illustrates a schematic perspective view
of the domestic appliance 10 with the monitoring system
according to the first embodiment of the present inven-
tion. In FIG 2 the door 12 is partially opened to an angle α.
[0037] FIG 3 illustrates a schematic perspective view
of the domestic appliance 10 with the monitoring system
according to a second embodiment of the present inven-
tion.
[0038] The domestic appliance 10 comprises the door
12 and the front panel 14, wherein the user interface 16
is integrated within said front panel 14. However, the door
12 of the second embodiment does not include any door
handle 18. The door 12 of the second embodiment is
also a drop down door.
[0039] In this example, the monitoring system compris-
es a central door sensor 24 and two lateral door sensors
26 and 28. In general, the monitoring system may com-
prise the central door sensor 24 and/or at least one lateral
door sensor 26 and/or 28. The central door sensor 24
and the lateral door sensors 26 and 28 are arranged with-
in the inner upper portion of the door 12. The central door
sensor 24 is arranged within a central inner upper portion
of the door 12, while the lateral door sensors 26 and 28
are arranged in the inner upper corners of the door 12.
The term "inner upper" relates to the closed state of the
door 12.
[0040] The door sensors 22, 24, 26, 28, 30 and 32 may
be arranged in different positions of the door 12. The door
sensors 22, 24, 26, 28, 30 and 32 mentioned above are
arranged in preferred positions. In particular, only one
single door sensor 22, 24, 26, 28, 30 or 32 including the
accelerometer and the gyroscope is a preferred solution.
[0041] FIG 4 illustrates a schematic perspective view
of the domestic appliance 10 with the monitoring system
according to the second embodiment of the present in-
vention.
[0042] In FIG 4 the partially opened state of the door
12 and a completely opened state of said door 12 are
shown, wherein the door 12 in the completely opened
state is represented by dashed lines. In the partially
opened state, the door 12 is opened to the angle α. In
the completely opened state, the door 12 is opened to
the angle α’. In the partially opened state of the door 12,
the position vector R defines the position of the central
door sensor 24. In contrast, the position vector R’ defines
the position of the central door sensor 24 in the complete-
ly opened state of the door 12.
[0043] FIG 5 illustrates a schematic perspective view
of the domestic appliance 10 with the monitoring system
according to a third embodiment of the present invention.

[0044] The domestic appliance 10 comprises the door
12 and the front panel 14, wherein the user interface 16
is integrated within said front panel 14. The door 12 of
the third embodiment does not include any door handle
18. The door 12 of the third embodiment is a swing door
with hinges on the right hand side as shown or a drop
down door.
[0045] The monitoring system comprises an inner door
sensor 30 and optionally an outer door sensor 32. The
inner door sensor 30 and/or the outer door sensor 32 are
arranged within the upper portion of the door 12. The
inner door sensor 30 is arranged in a central position of
the upper portion of the door 12. In the case of the swing
door the outer door sensor 32 is arranged opposite to
the hinge of the door 12.
[0046] FIG 6 illustrates a schematic perspective view
of the domestic appliance 10 with the monitoring system
according to a fourth embodiment of the present inven-
tion. FIG 6 shows both versions of the door 12, i.e. the
swing door and the drop down door, in one picture. The
hinge axes 20 and 34 and positions of the sensors 30
and 32 related to said hinge axes 20 and 34 are shown.
[0047] The user interface 16 is integrated within door
12. The horizontal hinge axis 20 extends in the lower
portion of the door 12 in the drop down door version,
while a vertical hinge axis 34 extends on the right hand
side of the door 12 in the swing door version. In the drop
down door version the inner door sensor 30 is arranged
in the upper central portion of the door 12 and at the
distance R from the horizontal hinge axis 20. In the swing
door version the outer door sensor 32 is arranged on the
left hand side in the upper portion of the door 12 and at
a distance R1 from the vertical hinge axis 34.
[0048] The distance R between the inner door sensor
30 and the horizontal hinge axis 20 is as big as possible.
The big distance R between the outer door sensor 30
and the horizontal hinge axis 20 allows a high measure-
ment precision of the monitoring system.
[0049] Further, in the swing door version the distance
R1 between the outer door sensor 32 and the vertical
hinge axis 34 is also as big as possible. The big distance
R1 between the outer door sensor 32 and the vertical
hinge axis 34 allows the high measurement precision of
the monitoring system.
[0050] The door sensors 30 and 32 are distant from
the corresponding hinge axes 20 and 34, respectively,
resulting in an increased measurement precision.
[0051] FIG 7 illustrates a schematic perspective view
of the domestic appliance 10 with the monitoring system
according to the fourth embodiment of the present inven-
tion.
[0052] In FIG 7 the door 12 is opened as a swing door
around the vertical hinge axis 34. The outer door sensor
32 is arranged at the distance R1 from the vertical hinge
axis 34. The inner door sensor 30 is arranged at a smaller
distance R2 from the vertical hinge axis 34, but preferably
close to the user interface 16. For example, the inner
door sensor 30 is a part of the user interface 16, which
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allows an easy assembling.
[0053] The present invention allows the monitoring of
the states of the door 12 by low complexity. The door
sensors 22, 24, 26, 28, 30 and 32 are arranged far away
from the corresponding hinge axes 20 and 34, respec-
tively, resulting in an increased accuracy of measure-
ments. Further, the door sensors 22, 24, 26, 28, 30 and
32 are arranged in low temperature areas, so that meas-
urement errors due to too high temperatures are avoided.
The door sensors 22, 24, 26, 28, 30 and 32 are very small
and arrangeable within the door handle 18 or the door 12.
[0054] FIG 8 illustrates a schematic diagram of a path
40 of the door sensor 22 between a closed state 36 and
an opened state 38 of the door 12 of the domestic appli-
ance 10 according to the present invention.
[0055] In this example, the door 12 is a drop down door
with the horizontal hinge axis 20, wherein the opening
angle of said door 12 is 90 degrees. The door sensor 22
is an inertial measurement unit (IMU). The path 40 of the
door sensor 22 is a circular path. The radius R of said
circular path corresponds with the distance R between
door sensor 22 and horizontal hinge axis 20.
[0056] The radial acceleration aR and the tangential
acceleration aT of the door sensor 22 are given by 

wherein ω is the rotational speed of the door 12 and the
door sensor 22. The radial acceleration aR as well as the
tangential acceleration aT are both directly proportional
to the radius R.
[0057] The opening angle α of the door 12 is calculated
by 

wherein the rotational speed ω is given by 

or by 

[0058] Both ways of determining the opening angle α
of the door 12 depend on the radius R.
[0059] Since an accelerometer is still very sensitive to
vibration and mechanical noise in general, the most in-
ternal motion unit (IMU) systems use a gyroscope in order
to smooth out any accelerometer error. The gyroscope

detects the rotational movement in degrees per second
around a specified axis. The gyroscope responds very
fast, so that a quick response to a change of the opening
angle α of the door 12 is obtained.
[0060] However, the gyroscope is not free from noise
as well. The gyroscope detects rotations but is less sen-
sitive to linear mechanical movements. Furthermore, the
gyroscope can drift, so that it does not come back to the
zero-rate value when the rotation stops. Thus, the inertial
motion unit (IMU) merges these two sensors for giving a
quick response, which is sufficiently accurate. This com-
bination solves the problems of the accelerometer and
the gyroscope mentioned above.
[0061] The inertial motion unit (IMU) directly provides
the opening angle α and the rotational speed ω in degrees
per second of the door 12, if said inertial motion unit (IMU)
is equipped with a micro controller. If said inertial motion
unit (IMU) is not equipped with the micro controller, then
output signal values are provided for a control unit. On
the basis of input data the control unit compares duty
cycle data with firmware set up data and sends an output
signal to a motor in order to adjust the opening speed of
the door 12. The opening speed of the door 12 may be
speeded up, kept constant or slowed down.
[0062] Although illustrative embodiments of the
present invention have been described herein with ref-
erence to the accompanying drawings, it is to be under-
stood that the present invention is not limited to those
precise embodiments, and that various other changes
and modifications may be affected therein by one skilled
in the art without departing from the scope or spirit of the
invention. All such changes and modifications are intend-
ed to be included within the scope of the invention as
defined by the appended claims.

List of reference numerals

[0063]

10 domestic appliance
12 door
14 front panel
16 user interface
18 door handle
20 horizontal hinge axis
22 door sensor
24 central door sensor
26 first lateral door sensor
28 second lateral door sensor
30 inner door sensor
32 outer door sensor
34 vertical hinge axis
36 door in the closed state
38 door in the opened state
40 path of the door sensor

R distance between door sensor and horizontal
hinge axis
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R’ distance between door sensor and horizontal
hinge axis

R1 distance between outer door sensor and vertical
hinge axis

R2 distance between inner door sensor and vertical
hinge axis

α opening angle of the door in partially opened state
α’ opening angle of the door in completely opened

state
ω rotational speed
aR radial acceleration
aT tangential acceleration

Claims

1. A monitoring system for a door (12) of a domestic
appliance (10), wherein:

- the monitoring system comprises at least one
door sensor (22; 24, 26, 28; 30, 32) arrangeable
or arranged at or within the door (12),
- the door sensor (22; 24, 26, 28; 30, 32) is an
inertial measurement unit (IMU) including at
least one accelerometer and/or at least one gy-
roscope,
- the accelerometer can be provided for detect-
ing a linear acceleration of the door sensor (22;
24, 26, 28; 30, 32),
- the gyroscope can be provided for detecting a
rotational speed of the door sensor (22; 24, 26,
28; 30, 32), and
- the monitoring system determines at least one
of the angle (α,α’), the angular speed and the
angular acceleration of the door (12).

2. The monitoring system of claim 1, wherein the door
sensor (22; 24, 26, 28; 30, 32) includes at least one
accelerometer and at least one gyroscope, the ac-
celerometer is provided for detecting a linear accel-
eration of the door sensor (22; 24, 26, 28; 30, 32),
the gyroscope is provided for detecting a rotational
speed of the door sensor (22; 24, 26, 28; 30, 32),
and the monitoring system determines the angle (α,
α’), the angular speed and the angular acceleration
of the door (12) .

3. The monitoring system according to claim 1 or 2,
characterised in that
the door sensor (22; 24, 26, 28; 30, 32) is arrange-
able or arranged close to or at a maximum distance
(R, R’, R1, R2) from a hinge axis (20, 34) of the door
(12).

4. The monitoring system according to any of claims 1
to 3, characterised in that
the door sensor (22; 24, 26, 28; 30, 32) is arrange-
able or arranged within an upper portion of the door

(12), preferably within an upper third of said door
(12).

5. The monitoring system according to any of claims 1
to 3, characterised in that
the door sensor (24, 26, 28) is arrangeable or ar-
ranged within an inner portion of the door (12), pref-
erably within an upper third of the inner portion of
said door (12).

6. The monitoring system according to any one of the
preceding claims,
characterised in that
the door sensor (22; 24, 26, 28; 30, 32) is arrange-
able or arranged in a low temperature area of the
door (12), in particular wherein the door sensor (22)
is arrangeable or arranged within a door handle (18)
of the door (12).

7. The monitoring system according to any one of the
claims 1 to 6,
characterised in that
the door sensor (30, 32) is arrangeable or arranged
within a front panel of the door (12).

8. The monitoring system according to any one of the
preceding claims,
characterised in that
the accelerometer includes one or more microelec-
tromechanical systems (MEMS).

9. The monitoring system according to any one of the
preceding claims,
characterised in that
the accelerometer is a tri-axial accelerometer,
wherein the three axes are orthogonal to each other.

10. The monitoring system according to any one of the
preceding claims,
characterised in that
the gyroscope includes one or more microelectro-
mechanical systems (MEMS).

11. The monitoring system according to any one of the
preceding claims,
characterised in that
the gyroscope is a tri-axial gyroscope, wherein the
three axes are orthogonal to each other.

12. The monitoring system according to any one of the
preceding claims,
characterised in that
the monitoring system is provided for indicating the
angle (α, α’), the angular speed and/or the angular
acceleration of the door (12), wherein said door (12)
is manually and/or automatically openable and/or
closable.
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13. The monitoring system according to any one of the
preceding claims,
characterised in that
the monitoring system is provided for controlling the
angle (α, α’), the angular speed and/or the angular
acceleration of the door (12), wherein said door (12)
is automatically openable and/or closable by at least
one motor, and wherein preferably the monitoring
system is provided for varying or keeping constant
the angular speed of the door (12) during the auto-
matic opening and/or closing said door (12).

14. The monitoring system according to any one of the
preceding claims,
characterised in that
the monitoring system is provided for a drop down
door (12) and/or for a swing door (12).

15. A domestic appliance (10) comprising at least one
door (12),
characterised in that
the domestic appliance (10) comprises at monitoring
system according to any one of the preceding claims.

11 12 



EP 3 633 271 A1

8



EP 3 633 271 A1

9



EP 3 633 271 A1

10



EP 3 633 271 A1

11



EP 3 633 271 A1

12



EP 3 633 271 A1

13



EP 3 633 271 A1

14



EP 3 633 271 A1

15



EP 3 633 271 A1

16

5

10

15

20

25

30

35

40

45

50

55



EP 3 633 271 A1

17

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

